Environment would affect the nutritional composition of maca, especially its secondary metabolite. The chemical compositions and function of Xinjiang maca were not very clear. The chemical compositions and bioactivity of Xinjiang maca were determined. A mouse model was also used to evaluate the antifatigue activity of Xinjiang maca as a forced swimming test was performed and certain biochemical parameters related were estimated. The results show that the Xinjiang maca is rich in protein content and amino acids, especially branched chain amino acids such as Valine and Isoleucine related to the effect of antifatigue. It also has considerable minerals ions such as Ca and Mg. Besides, bioactive ingredients such as maca amide, glucosinolate, and alkaloid of Xinjiang maca are similar to those of maca from other areas, which qualify the biological value of Xinjiang maca. The results of mice model suggest that maca has a dose-dependent antifatigue activity by decreasing blood lactic acid, as well as increasing liver glycogen content and the forced swimming time.
Introduction
Maca (Lepidium meyenii Walp.), a biennial herbaceous plant of the family brassicae, which is cultivated mainly in the central Andes of Peru at elevations of 3500-4500 m above sea level, has been used as both a food and a traditional medicine in the region for over 2000 years [1] . Domestic and foreign experts researched on the nutritional compositions and secondary metabolites of maca, finding that it not only contains rich protein, amino acids, fat, and minerals ion [2] but also contains a variety of secondary metabolites: maca ene, alkaloid (including maca amide), glucosinolate, and other components [3] [4] [5] . These secondary metabolites are considered closely related to the health effects of maca. Recent research shows that the logical ability of maca includes improving fertility, improving sexual performance, antiproliferative function, improving growth rate, antipostmenopausal osteoporosis, and ability in vitality and stress tolerance [6] . Most studies have been conducted to examine its biological activity on enhancing sexual performance or fertility. Only few reports show the antifatigue effect of maca powder [7] or maca extract [8] . Maca mainly grows at a cold but humid climate since its hardy, strong adaptability, so it is suitable to plant it in the high altitude region for 2700-3200 m above sea level in some areas of western China [9] . In 2004, Yunnan Huize introduced maca from the United States and the cultivation experiment was a success [10] . In China, maca is currently mainly cultivated in the Yunnan region, where its cultivation has formed a certain scale [11] . In addition to Yunnan, Pamirs in China Xinjiang is also suitable to cultivate maca for its geographical location and climate where maca has also been introduced recently. However, only a few reports were carried out to analyze the chemical composition and biology activity of yellow maca cultivated at Pamirs in China Xinjiang [12] . Its nutritional value and quality evaluation are not clear and deserve further evaluation. In addition, those foods in which maca is the main raw material, such as maca candy and maca granules, are popular in the market. In recent years, the unique overall effect of maca has been widespread in the world of health food industry, especially after China introduced maca as a kind of new resource food in 2011 [13] . Recently, many kinds of health 2 Journal of Food Quality products with maca as the main raw material on the market rapidly expand and have been getting more and more concerns. However, their declared antifatigue effect has not been confirmed by actual data and it is difficult to guarantee their quality.
Only a few researches related to the chemical composition and biology activity of Xinjiang maca although it has been planted widely in Xinjiang. In this paper, the contents of essential nutritional compositions of maca cultivated in Xinjiang are investigated. The contents of basic chemical compositions of water content, oil content, protein content, amino acid content, and mineral content were analyzed. Besides, the biological activities of some secondary metabolites were investigated, such as alkaloids, maca amide, and glucosinolates. The quality of Xinjiang maca can be valued in the level of composition ingredients by comparison with the data from other reports about the compositions of maca. Animal models were also made to test the antifatigue effect of Xinjiang maca, in order to provide theoretical support for further development of health care products made of Xinjiang maca.
Materials and Methods

Materials.
The dried yellow maca root was collected from Pamir in Xinjiang Province at altitude of 3000 m provided by Tangshiyi Biotechnology Co., Ltd. The dried maca was grounded into fine powder (75 m) using a crusher. The roots were stored in polyethylene bags and frozen at −20 ∘ C until their use.
Chemicals and Instruments.
Reagents used for chromatography were of HPLC grade (Fisher, Pittsburgh, USA). Other reagents used were of analytical grade. A crusher (Ningbo Shunhui Electric Appliance Co. Ltd., Zhejiang, China) was used for crushing the maca tubers to powders. A UV 2600 spectrophotometer was used in all absorbance measurements (Techcomp Ltd., Shanghai, China). A fridge (Haier Co. Ltd., Shandong, China) was used for storing the samples until tested. An H1850 Centrifuge (Xiangyi Centrifuge Instrument Co., LTD., China) was used for centrifugation. [14] . The crude protein content was established in a Kjeldahl apparatus, following the AOAC 920.87 method [14] . The factor N × 6.25 was used to convert nitrogen into crude protein. The crude fat content was determined by an SOX 406 automatic fat analyzer (Hanon Instruments, Shandong, China). Petroleum ether was used as solvent and the operating temperature was 70 ∘ C. The crude ash content was determined by the AOAC 923.03 method [14] . Amino acids were determined using a Mikrotechna AAA 881 automatic amino acid analyzer according to the method described by Moore and Stein [15] . Hydrolysis of the samples was performed in the presence of 6 M HCl at 110 ∘ C for 24 h under nitrogen atmosphere. To estimate the content of minerals ion, maca samples were digested by concentrated nitric acid and perchloric acid (4 : 1, v/v). Minerals ion (K, Na, Mg, Ca, Zn, Fe, Cu, and Mn) were measured by using an atomic absorption spectrophotometer (Shimadzu Instruments, Inc., AAF-7000F, Kyoto, Japan) following the recommendations of the Association of Official Analytical Chemists [14] .
Analysis Method of Compositions
Analysis Method of Bioactive
Ingredients. The content of total alkaloids in maca was determined by acidic dye colorimetry as described by Gan et al. [16] . Bromothymol blue was used for chromogenic agent and nuciferine was used as standard to draft the standard curve. The content of maca amide is determined by the method of HPLC-MS [17] . Nbenzyl hexadecanamide was used as standard. The content of glucosinolates was estimated by the HPLC-MS method [18] . Benzyl glucosinolate was used as standard.
Antifatigue Effects In Vivo of Maca
Reagents and Kits.
The diagnostic kits for blood lactic acid, tissue glycogen, and serum urea nitrogen were purchased from Jiancheng Bioengineering Institute (Nanjing, China). Other commercial chemicals used in the experiments were of analytical grade and were purchased from Guoyao Chemical Reagent Factory (Shanghai, China). 
Experiment
Experiment Design.
After one week of adaptation, the mice were randomly divided into four groups (40 mice in each group) as follows: (i) control (C) group: the mice were allowed free access to a standard rodent diet and treated with distilled water; (ii) low-dose Maca-treated (LMT) group: the mice were allowed free access to a standard rodent diet and treated with 40 mg/kg.bw of maca; the maca tuber powder was dissolved in distilled water; (iii) moderate-dose Macatreated (MMT) group: the mice were allowed free access to a standard rodent diet and treated with 400 mg/kg.bw of maca; (iv) high-dose Maca-treated (HMT) group: the mice were allowed free access to a standard rodent diet and treated with 1200 mg/kg body weight of maca. All treatment groups were administrated with the same volume at 0.2 mL/10 g.bw⋅day by gavage using a feeding needle, once a day for 30 consecutive days. All mice were provided with free access to standard rodent pellet food, which contains crude protein (18%), crude fat (4%), crude fiber (5.0%), Ca (1-1.8%), P (0.6-1.2%), moisture (10%), and ash (8%). The body weights of mice were measured weekly.
Forced Swimming Test.
The forced swimming test was analyzed according to the method describe by Zhang et al. [19] with some modification. After the last treatment, 10 mice of each dose group were used for the forced swimming test. The 40 mice were allowed to rest for 30 min and then weighted and loaded with a tin wire (5% of body weight) attached to the tail. The forced swimming capacity of mice was carried out in an acrylic plastic pool (50 cm × 50 cm × 40 cm) with 30-cm-deep water at 25 ± 0.5 ∘ C. The water was stirred to keep the mice limbs moving. The mice were determined to be exhausted when they failed to return to the surface of water to breathe within a 7-s period; then the forced swimming time was immediately recorded.
Blood Lactic Acid
Assay. Blood lactic acid was analyzed according to the method describe by Zhang et al. [19] with some modification. After the last treatment, 10 mice of each dose group were used for the blood lactic acid assay. The mice were allowed to rest for 30 min, and then forced to swim without loads in the swimming pool as described in forced swimming test for 10 min while the water temperature was changed to 30 ± 0.5 ∘ C. Fifty microliters of blood sample was collected by inner canthus bleeding method before, immediately after, and 20 min resting after swimming, respectively. Blood samples of the mice were collected in heparinized tubes. The concentration of blood lactic acid was determined by the kits purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). The accumulation of blood lactic acid (the area of blood lactic acid under the curve) was calculated according to technical standards for testing and assessment of health food [20] using the following equation:
The accumulation of blood lactic acid
In the equation, a is the blood lactic acid concentration of mice before swimming; b is the blood lactic acid concentration of mice immediately after swimming; c is the blood lactic acid concentration of mice 20 min (resting) after swimming.
Serum Urea Nitrogen Analysis.
After the last treatment, 10 mice of each dose group were used for the serum urea nitrogen analysis. After swimming for 90 min without loads (as described in blood lactic acid test), the blood samples were collected through removing the eyeball and then centrifuged at 3500 ×g, 4 ∘ C for 15 min before analysis. The concentration of serum urea nitrogen was determined by the serum urea nitrogen kits.
Liver Glycogen Analysis.
After the last treatment, the other 40 mice were allowed to rest for 30 min and then sacrificed by decapitation under anesthesia with sodium pentobarbital (40 mg/kg.bw, ip) to collect livers. The livers were washed with 0.9% saline and blotted by a filter paper. The liver sample (∼100 mg) was accurately weighted. The content of liver glycogen was determined according to the recommended procedures provided by the kits purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China).
Data Analysis.
The tests in this paper were duplicated for each sample and mean values of the duplicated tests are presented. Comparisons were carried out on software of SPSS for Windows (version 19.0, SPSS Inc. 2015). All animal experimental data were expressed as the mean ± SD. The data were subjected to one-way analysis of variance. < 0.05 was considered to be statistically significant. [21] , while it is close to that reported by Yu and Jin (7.64%) [22] . Protein is the most important nutrient for human since it is related to organisms running and life activities, so that protein content is an important indicator of the nutritional value of foods. As it shows from [21] . This variation may be attributed to the planting environment. The ash content of 3.41% in our report is similar to 3.08% reported by Du et al. [23] . (Table 2) shows that Xinjiang maca has a high content of essential amino acids, reaching 27.2%. Compared with the essential amino acid pattern of FAO-WHO in 1973 [24] , the contents of methionine, phenylalanine, and leucine are, respectively, 8.5 mg/g protein, 31.9 mg/g protein, and 46.4 mg/g protein, which are lower than essential amino acid pattern. The contents of Threonine, Valine, Isoleucine, and Lysine are, respectively, 32.7 mg/g protein, 65.0 mg/g protein, 36.6 mg/g protein, and 50.4 mg/g protein, which are close to those in the pattern. The Valine content of 65.0 mg/g protein is much higher than that of 50 mg/g protein in the pattern. Valine is closely connected with the antifatigue activity of maca. Besides, Isoleucine and Leucine can also contribute to the antifatigue function of maca. As a result, maca cultivated in Xinjiang shows an excellent profile, confirmed by the high content in essential amino acids. Table 3 . The three elements including Ca, Mg, and Zn are closely related to the antifatigue activity of maca. The Xinjiang maca is especially rich in the content of Mg, Ca, and K. Although the content of Cu is slightly lower and the content of Ca is higher, the other mineral contents of the Xinjiang maca are found to be in consistency with the results of earlier investigation by Dini et al. [2] .
Results and Discussion
Amino Acid Composition. The amino acid composition
Mineral Composition. Mineral compositions of yellow maca cultivated in Xinjiang are shown in
Biological Active Ingredients.
Alkaloid is one of the most important bioactive components and it is related to many healthy effects of maca. From Table 1 , we can find that the content of alkaloid in Xinjiang maca is 0.20%. This result is similar to the data 0.22% reported by Gan et al. [16] . As the unique alkaloid only found in maca, maca amide was reported to have influence on increasing libido [25] . The content of maca amide is 0.17 mg/g maca (0.0017%), which is in accord with the range of 0.0016%-0.013% in other reports [26] . Glucosinolates are secondary metabolites with negative ion hydrophilic which contain sulphur and nitrogen in plant.
There are changeable side chains (R) and a sulpho -Dglucofuranoses in them [27] . The decomposition products of them and themselves were considered to have lots of biological activity, such as the ability to combat pathogens and cancer. The content of glucosinolate was shown in Table 1 . The benzyl glucosinolate content of Xinjiang maca is 1.24 mg/g maca, which also means that the proportion of glucosinolate is 0.124% in maca. This is lower than the result of 0.2% reported by Li et al. [5] .
Mice Experimental Results
Effect of Xinjiang Maca on Forced Swimming Time.
Fatigue is one of the most frequent physiological reactions. Tan et al. [28] have described the complex mechanism of fatigue as follows: it is caused by the depletion of energy sources, including decrease in glycemic levels and liver glycogen consumption. The side effects of fatigue include the accumulation of blood lactic acid, the disorder of internal environment, and metabolic control disorders of nervous system [28] . In our report, the forced swimming test was performed and certain biochemical parameters related were estimated. The forced swimming test is a common experimental exercise model to evaluate the antifatigue activity [29] . The maximum swimming time is directly related to the ability of fatigue, so prolonged swimming times in forced swimming test indicate an increasing ability of antifatigue [30] .
The effects of Xinjiang maca on forced swimming time are shown in Figure 1 . As we can see from Figure 1 , forced swimming times of mice in MMT and HMT groups are significantly longer ( < 0.05) than that in control group and increase by 54.3% and 77.3%, respectively. Forced swimming time in LMT group is 17.7% longer than that in the control group but the difference is not significant. This may be attributed to the lower dose of LHT group, which is only 10% of the dose in MMT and 3.33% of that in HMT, respectively. Wen et al. [31] found that the forced swimming time of mice with 5.0 g/kg BW Yunnan maca significantly extended and reached 324 sec compared with the control, which was 211 sec. These results indicated that Xinjiang maca has significant antifatigue activity when the dose is enough and is capable of elevating the exercise tolerance in mice.
Effect of Xinjiang Maca on Blood Lactic Acid Content.
During intense exercises, the muscle produces a considerable amount of lactic acid when it obtains sufficient energy from anaerobic glycolysis, and the increased concentration of lactic acid brings about a reduction in the pH value in muscle tissue and blood, which could induce various biochemical and physiological side effects and lead to fatigue [32] . Therefore, Journal of Food Quality blood lactic acid content is a sensitive index of fatigue status. The accumulation of blood lactic acid content can be an integrated indicator for investigating the changes of blood lactic acid content.
The effect of Xinjiang maca on blood lactic acid content is shown in Figure 2 . We can find that after a 10-min swimming and 20-min rest, the accumulations in MMT and HMT groups were significantly lower than that in the control group ( < 0.05), decreased by 23.9% and 28.2%, respectively. This result was similar to those of Zhang et al. [33] and Gao et al. [34] , which used Yunnan maca and Peru maca, respectively. The accumulation of blood lactic acid content in LMT group is also lower than the control group, but it is not significant. These results indicate that Xinjiang maca effectively delays the increase in blood lactic acid content, reduced the catabolism of protein for energy, and increased the adaptive capacity to exercise load. However, the dose of Xinjiang maca should be taken into consideration to reach the antifatigue activity.
Effect of Xinjiang Maca on Serum Urea Nitrogen
Content. Urea is formed in the liver as the end product of protein metabolism. Protein and amino acids have a stronger catabolic metabolism when the body cannot acquire enough energy produced by carbohydrates and fat catabolic metabolism after an intense exercise, during which urea nitrogen increases [35] . Thus, serum urea nitrogen content is another sensitive index of fatigue status. Figure 3 : Effect of Xinjiang maca on serum urea nitrogen content (C, control; LMT, low-dose maca-treated group; MMT, mediumdose maca-treated group; HMT, high-dose maca-treated group. Each value represents the mean ± SD ( = 10). Different letters indicate significant differences among groups ( < 0.05)).
As shown by Figure 3 , the serum urea nitrogen contents of LMT and MMT groups are not significantly higher than that of control group. This results show that LMT and MMT group can not significantly increase the serum urea nitrogen content. The serum urea nitrogen content of HMT group Glycogen content in liver (mg/g liver) Figure 4 : Effect of Xinjiang maca on glycogen content in liver (C, control; LMT, low-dose maca-treated group; MMT, medium-dose maca-treated group; HMT, high-dose maca-treated group. Each value represents the mean ± SD ( = 10). Different letters indicate significant differences among groups ( < 0.05)).
is significantly higher than that of the control group, which indicates that too much intake of maca may increase the burden of protein metabolism of body so that the serum urea nitrogen content of the dealing group was higher than the control group. As a consequence, the dose of maca for 1200 mg/kg bw in HMT group can do harm to the mice. However, Zhang et al. [33] found that Yunnan maca with the dosage of 0.4 g/kg BW and 1.2 g/kg BW could significantly decrease the serum urea nitrogen content of mice compared with the control. Gao et al. [34] found that Peru maca during the experimental dosage has no obvious effect on the serum urea nitrogen content of mice compared with the control. The different results may be related to the different planting region and chemical composition.
Effect of Xinjiang Maca on Glycogen Content in Liver.
Energy for exercise is derived initially from the breakdown of glycogen in muscle. After intense exercise, it may be depleted, and at later stages the energy will be derived from hepatic glycogen [36] . Therefore, the depletion of glycogen stores may be a significant factor in the development of fatigue.
The effects of Xinjiang maca on glycogen content in liver are shown in Figure 4 . The liver glycogen content of MMT and HMT groups was significantly higher ( < 0.05) than that of control group, increased by 66.3% and 80.9%, respectively. The glycogen content in liver in the LMT group is also lower, but not significantly ( > 0.05). These results indicated that Xinjiang maca may contribute to the activation of energy metabolism which could delay physical fatigue by increasing the storage of glycogen in liver. Also, as mentioned before, the intake of maca must reach a certain dose as to show the activity of antifatigue. Similarly, Zhang et al. [33] also found that Yunnan maca with the dosage of 0.4 g/kg BW and 1.2 g/kg BW could significantly increase the glycogen content in liver of mice compared with the control.
Conclusions
Xinjiang maca is rich in protein content and amino acids, especially branched chain amino acids such as Valine and Isoleucine related to the activity of antifatigue. It also has considerable minerals ion contents such as Ca and Mg which is related to antifatigue activity. Besides, biological active ingredient contents such as maca amide, glucosinolate, and alkaloid of Xinjiang maca are similar to those in maca from other areas, which indicates it can provide similar health benefits like maca from other areas. The results show that the dried powder of Xinjiang maca has a reasonable nutritional structure and is a kind of high value quality food. The results of mice experiment showed that intake of maca for 400 mg/kg bw and 1200 mg/kg bw can decrease blood lactic acid content as well as increase liver glycogen content and forced swimming time. However, maca intake of 1200 mg/kg bw can significantly increase the serum urea nitrogen content as to do harm to the body. So Xinjiang maca has a dose-dependent antifatigue effect by decreasing blood lactic acid as well as increasing liver glycogen content and forced swimming time. The intake dose of maca for 400 mg/kg bw can bring out significant antifatigue activity.
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